Results: In both patient groups, associations to HLA homozygosities and heterozygosities were found. Most striking was the significantly lower frequency of HLA-DRBblank* homozygosity (non-DRB3*/DRB4*/DRB5*) in chronic periodontitis (p < 0.05), whereas HLA-DRB1*15 : DRB5*(DR51) : DQB1*06 showed a slightly higher homozygosity rate in all patients. As the combination HLA-A*02,A*03 was significantly decreased in aggressive periodontitis (p < 0.05), HLA-A*01,A*03 heterozygosity was significantly lowered in chronic periodontitis (p < 0.05). Among others, the known positive associations for HLA-A*68/69 (A28) and HLA-DRB1*04 were confirmed by the haplotypes HLA-A*68/69 : Cw*07 : B*18 in aggressive periodontitis (p < 0.05) and HLA-Cw*08 : B*14 : DRB1*04 in chronic periodontitis (p < 0.05).
Conclusion: The present study elucidates the variety of HLA associations and therefore the difficulty to assign single HLA markers to periodontal disease. Susceptibility/resistance of both aggressive and chronic periodontitis may rather be influenced by particular HLA marker combinations. Associated HLA haplotypes may be of further importance for unknown gene loci representing a part of the genetic background for periodontitis. The different associations in aggressive and chronic periodontitis indicate different susceptibility/resistance factors for both diseases.
There is growing evidence that genetic aspects play a role in the onset and severity of periodontal disease (1) (2) (3) (4) (5) (6) . Polymorphisms of the interleukin-1 gene cluster (2, 3) , tumour necrosis factor a (TNF-a) (4, 5) and certain immunoglobulin receptors (Fcc-R) (6) have become the subject of previous investigations. This aside, numerous studies have pointed to the contribution of the major histocompatibility complex (MHC) as a potential genetic factor in aetiopathogenesis of periodontal diseases. HLA (human type of MHC) antigens play a crucial role in the recognition of foreign antigens. Due to the extensive polymorphism of HLA gene products, interindividual differences in immune response against bacterial antigens can be assumed. Among other diseases, several studies report a correlation between certain HLA antigens and periodontitis (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) .
In our previous study we reported that certain HLA markers were significantly positively (HLA-A*11, -A*29, -B*14, -Cw*08, -DRB1*13) and significantly negatively [HLA-A*03, -A*30, -A*30/31 and -DRBblank* (non-DRB3/4/5)] associated with chronic or aggressive periodontitis, respectively, (21) . Although there were clear associations found, there is a lack of consensus to previously released reports on HLA and periodontitis. Ethnographic influences and methodical (study population, HLA typing methods) differences may only be a minor reason for this inconsistency. Since HLA antigens are inherited codominantly and the alleles of the HLA loci are in linkage disequilibrium with each other, the manner and strength of HLA association of single HLA markers must be dependent from certain combinations of the participating HLA antigens or haplotypes, respectively, representing an additional variable factor in terms of potential disease association. This aspect has not been considered sooner because most of the prior studies, including the authors' previous work (21) (26) (27) (28) . However, none of these investigations have been done on patients with periodontal disease. For this reason and based on the existence of multiple alleles of the MHC, the aim of the study was to carry out combination analyses of HLA markers, investigate the presence of associated homo-and heterozygosities and identify estimated haplotypes in Caucasian patients with chronic and aggressive periodontitis as well as in periodontitis-free individuals of the same origin using both serologic and genomic HLA typing methods.
Material and methods

Study population
Fifty unrelated German Caucasian patients with generalized aggressive periodontitis and 102 unrelated German Caucasian patients with chronic periodontitis were compared with 102 unrelated German Caucasian individuals who were free from periodontitis up to 38 years of age. Furthermore, a group with 157 unrelated German Caucasian blood donors were included in the study, representing the distribution of HLA markers in our geographical region. In all patients and periodontitis-free control probands, clinical probing depth and clinical attachment level were measured on six sites of each tooth. Interproximal alveolar bone loss was assessed by panoramic and/or a series of single radiographs. Approximal plaque index (29) and modified sulcular bleeding index were determined in all cases ( Table 1) .
Diagnosis of aggressive periodontitis was established according to clinical criteria for generalized early-onset periodontitis described by Tonetti and Mombelli (30) : onset of periodontitis under 35 years of age; at least eight teeth with an attachment loss of 4 mm or more, at least three affected teeth other than molars or incisors; vertical and horizontal bone loss in the affected sites detectable in the radiograph; bleeding on probing; minimal accumulation of mineralized plaque in 
Statistical analysis
HLA antigen frequencies were calculated by direct counting and given as percentage of the total number (N) of the members of one group. As HLA alleles are inherited codominantly, there were two HLA markers (one on each chromosome) to be found in each HLA gene locus being analysed. Due to serologic and low resolution genomic typing 20 HLA-A, 40 HLA-B, nine HLA-Cw, 13 HLA-DRB1 and seven HLA-DQB1 markers could be identified ( Table 2 ). Homozygosity was assumed if only one HLA (28) marker was detectable within one locus. The frequency of all heterozygosities within each HLA locus as well as all combinations between different HLA loci (two locus combinations) was determined in every possible constellation ( 
Results
Clinical parameters
In a 4-year period we selected patients and controls which were treated in our Department of Operative Dentistry and Periodontology for HLA studies.
In Table 1 the clinical findings and proportion of smokers in all cohorts are presented. Among aggressive periodontitis patients and controls, the percentage of smokers was similar, whereas chronic periodontitis patients showed a slightly higher proportion. As approximal plaque index and sulcular bleeding index for chronic periodontitis patients were recorded after initial therapy including scaling and root planing, this group showed the lowest values. Patients with aggressive periodontitis showed slightly higher values of probing depth and clinical attachment level than patients with chronic periodontitis; controls had the lowest scores.
Distribution of HLA homozygosities
Aggressive periodontitis group --Comparing the frequencies of HLA overall homozygosity rate (A, B, Cw, DRB1, DRB3/4/5/blank, DQB1), patients with aggressive periodontitis and controls did not show any significant differences. However, regarding the single HLA markers, patients showed slightly higher frequencies of HLA-DRB1*15, -DRB5*51(DR51) and -DQB1*06 homozygosity (Table 4) .
Chronic periodontitis group --In the group of patients with chronic periodontitis there was a significantly (p c < 0.05) lower frequency of homozygosity for HLA-DRBblank*, i.e. complete absence of the supertypes DRB3*(DR52), DRB4*(DR53) and DRB5*(DR51) as well as a (non-significantly) higher frequency of HLA-DRB5*51(DR51) homozygosity in comparison to the controls. All the other alleles within the HLA loci A, B, Cw, DRB1 and DQB1 did not show any deviations of homozygosity ( Table 5 ).
Distribution of HLA heterozygosities
Aggressive periodontitis group --Regarding all deviations of HLA heterozygosities, a significantly higher frequency of the combination HLA-DQB1*06, DQB1*0303 as well as a significantly lower appearance of HLA-A*02, A*03 was determined among patients with aggressive periodontitis.
Furthermore, HLA-DQB1*02, DQB1*0301/4 occurred significantly less frequently among individuals without periodontitis. All other HLA heterozygosities did not show any striking deviations (Table 6 ). Chronic periodontitis group --Comparing the patients with chronic periodontitis and control probands, a significantly decreased frequency of the combination HLA-A*01, A*03 was found. No further deviations of HLA heterozygosities were discovered in this group (Table 7) .
Two locus combinations and estimated haplotypes
Aggressive periodontitis group --The analysis of HLA marker combinations between different loci revealed a predominant appearance of HLA-A*68/ 69(A28) in the combinations HLA-A*68/69 : Cw*07 and -A*68/69 : Cw*07 which were significantly increased among patients with aggressive periodontitis. Moreover, in the patient group, HLA-DRB1*13 was expressed significantly more frequently in combination with HLA-DQB1*06 than with other HLA-DQB1 markers. HLA-DRB1*04 : DQB1*0302 appeared significantly less frequent among patients (Table 8 ). Due to the positive linkage disequilibrium of these combinations among the patients (D >0) estimated haplotypes could be defined. Figure 1 (a) shows two haplotypes with significantly positive and one haplotype with a significantly lower frequency in aggressive periodontitis compared to the controls. All other estimated haplotypes in aggressive periodontitis did not show any deviations.
Chronic periodontitis group --In patients with chronic periodontitis, two locus combination analyses revealed HLA-B*14 to be significantly decreased in combination with HLA-Cw*08 (p c < 0.05) among periodontitis-free controls and significantly increased in combination with HLA-DRB1*04 and HLA-DQB1*0302 among patients (p uncorrected < 0.05, p c >0.05). The combinations HLA-A*11 : B*18 and -B*44 : DRB1*13 were statistically more frequent in the patient group ( Table 9) . Out of these combinations with positive linkage disequilibrium among the patients (D >0) three estimated haplotypes were determined, which were found significantly more frequently in patients with chronic periodontitis than in the controls (Fig. 1b) . There were no more estimated haplotypes in chronic periodontitis with striking deviations.
Discussion
In the present study for the first time heterozygosity, homozygosity and linkage disequilibrium of HLA markers were investigated in patients with aggressive periodontitis and chronic periodontitis. Contrary to most of the previous studies, the patients were compared with a selective group of probands which were free from periodontitis in order to provide a higher contrast between patients and controls. As a major risk factor, the smoking status was considered in patients and controls (Table 1) . Although there were slightly more smokers among chronic periodontitis patients than in the younger group of aggressive periodontitis patients, the latter had higher values of probing depth and clinical attachment level. Obviously, smoking did not predominantly influence probing depth and clinical attachment level in comparison to other factors which are characteristic for both diseases. Blood donors were not used for direct comparison with the patient groups as they represent an inhomogeneous group of both individuals with several forms of periodontitis and healthy individuals. Therefore, they were involved to estimate the tendency of the HLA deviations between the patient groups and the control probands.
Patients with aggressive periodontitis and chronic periodontitis both revealed similar, but non-significant deviations of homozygosity rates of HLA-DRB1*15, -DRB5*51(DR51) and -DQB1*06 (Tables 4 and 5 ). The simultaneous increase of these markers can be explained by their strong linkage disequilibrium (35) . The part of HLA-DQB1*0602
(high-resolution allele of HLA-DRB1*06) and DRB1*15 has already been discussed in Japanese patients with early-onset periodontitis. In those patients an atypical BamHI restriction site in the HLA-DQB1 gene region pointed to a primary influence of the HLA-DQB1 locus (17), whereas Takashiba et al. (20) suggested HLA-DRB1*1501 to be the primary target/receptor/goal for antigenic peptides derived from Ag53 outer membrane protein of Porphyromonas gingivalis. Despite the missing significance and small number of probands, our results could be a hint for a recessive susceptibility due to HLA-DRB1*15 : DQB1*06 homozygosity. Compared to patients with chronic periodontitis, the significantly increased frequency of homozygosity for HLA-DRBblank*, i.e. absence of the supertypes HLA-DRB3*(DR52), DRB4*(DR53) and DRB5*(DR51), in the control group suggests that probands who do not carry any of the markers HLA-DRB3*/4*/5* show higher resistance against periodontitis. Though significance of this result was lost according to the Bonferroni correction, the potential role of HLADRBblank* as a periodontitis resistance factor (RR ¼ 0.09) is supported by two observations: HLA-DRBblank* was decreased in patients with aggressive periodontitis, which has already been published (21) , and in all patients DRBblank* homozygosity was lowered (aggressive periodontitis) or missing (chronic periodontitis) compared with healthy controls. As immune-stimulating T cells can be activated by HLA class II antigens (36) , the supertypes DRB3*/4*/5* might act as receptor molecules for pathogens which are presented to T-cell receptors of CD4 + T helper cells. Apparently, in the absence of all HLA supertypes (homozygosity of DRBblank*) no pathogens would be available that could lead to increased periodontitis susceptibility (Ôlow responderÕ). HLA-DRB5*51(DR51) or -DQB1*06 (linkage disequilibrium), however, might be better capable in binding antigen peptides than other HLA markers, leading to a higher responsiveness in homozygosity (Ôhigh responderÕ).
For the calculation of HLA heterozygosities and two locus combinations an enormous number of comparisons were performed (Table 3) . Although there were differences with statistical significance (p < 0.05) in the conservative sense (Tables 6-9) , the results lost their significance when the Bonferroni correction was applied. Consequently, no strong association can be concluded. This is why the results have to be interpreted as tendencies towards an increase or decrease of certain combinations. Nonetheless, there have been remarkable deviations. HLA-A*03, which has been described to be more frequent among controls (21) , showed different associations depending on the presence of HLA-A*02 or -A*01. Co-expression of HLA-A*01 may contribute to higher protection especially towards chronic periodontitis, and HLA-A*02 might increase resistance against aggressive periodontitis. Since a protective role of HLA-A2 has already been reported especially for juvenile (7, 8, 16) and rapidly progressive (16) periodontitis, our results could be an indication for a synergistic influence of HLA-A*03 in aggressive periodontitis. As HLA class I antigens present intracellular (self, viral) proteins, a relation to bacterial antigens does not appear conceivable. However, cross-reactions between bacterial antigens and HLA class I markers (molecular mimicry) have been described (37, 38) . Furthermore, since virus infections have been reported to impair antibacterial defence in periodontitis (39), HLA class I dependent deficiencies of recognizing and binding viral antigen epitopes appear conceivable.
Regarding combination analysis between different HLA loci, three significantly associated estimated haplotypes were detected in aggressive periodontitis and in chronic periodontitis patients (Fig. 1 ). Estimating these haplotypes was possible because of the positive linkage disequilibrium of the associated HLA marker combinations. The following findings were striking. Firstly, depending on whether HLA-A*69/69 or -A*11 was part of the haplotype HLA-Cw*08 : B*18, an association to aggressive (HLA-A*68/ *69) or chronic (HLA-A*11) periodontitis has been determined (Fig. 1) . Together with the data of Reinholdt et al. (9) , who found HLA-A28 (A*68/ *69) to be increased in patients with juvenile periodontitis, a particular role of HLA-A28 for aggressive periodontitis can be assumed. HLA-A*11 has not been discovered by other authors before. Secondly, the increased frequency of the haplotype HLA-DRB1*13 : DRB3*(DR52) : DQB1*06 in the aggressive periodontitis group could be another hint for the role of HLA-DQB1*06 and also for HLA-DRB1*13, which was also increased as a single marker (21) . This is plausible since in a parallel study, possible antigen binding motifs to Porphyromonas gingivalis have been described for anchor amino acid residues of the HLA-DQB1*0602 molecule as well as the HLA-DRB1*1301 and -DRB1*1302 molecules (40) . In contrast to the results of Katz et al. (12) , Firatli et al.
(16) and Bonfil et al. (19) in patients with rapidly progressive periodontitis and juvenile periodontitis, no increased frequency of HLA-DR4 could be found in our patients with aggressive periodontitis, neither in phenotypes (21) nor in haplotypes or combinations. In chronic periodontitis patients, however, HLA-DRB1*04 was increased in unusual combination with the ancestral haplotype HLACw*08 : B*14. This was unknown, since in prior studies only the phenotype frequency of the single marker HLA-DRB1*04 was associated with (chronic) adult periodontitis (14, 18) .
The results presented in this study make it possible to differentiate unreported synergistic (e.g. HLA-A*01, A*03 heterozygosity in chronic periodontitis; HLA-A*01, A*02 heterozygosity in aggressive periodontitis; HLA-DQB1*06 homozygosity in aggressive and chronic periodontitis) and antagonistic (all those HLA antigens which were striking as single markers in previous studies but not present in combination analyses) effects possibly resulting from similar or different features of the HLA peptide binding paratopes. Two main conclusions are to be drawn. (i) Both DRB1*15 : DQB1*06 homozygosity and DRB1*13 : DQB1*06 point to the potentially primary role of HLA-DQB1*06 as a risk factor for aggressive periodontitis.
(ii) The absence of all HLA-DR supertypes might be protective towards periodontitis. Moreover, in the herein found estimated haplotypes an association seems to be referred to only one marker whereas the other HLA alleles are associated due to their linkage disequilibrium (e.g. HLA-A*68/69 in HLA-A*68/69 : Cw*07 : B*18 in aggressive periodontitis or HLA-A*11 in HLA-A*11 : Cw*07 : B*18 in chronic periodontitis) or another third unknown susceptibility gene associated with the haplotype. The different associations of the single HLA markers and/or some of the presented haplotypes suggest different susceptibility genes for aggressive periodontitis and chronic periodontitis, which could be useful for differential diagnosis of aggressive and chronic periodontitis and a more individualized therapy as a consequence. However, it should be emphasized that to date no particular HLA marker or haplotype can be assigned to a strong correlation with a certain periodontal disease. This can be seen by the fact that in all previous studies, including the present investigation, all results remained insignificant after using the Bonferroni correction. Table 10 gives a summary on the concordances and differences of all HLA associations found in our cohorts, including the results of our previous report [HLA phenotypes (21) , homozygosities, heterozygosities and haplotypes] and the results of HLA Table 10 . Associated HLA phenotypes [Machulla et al. (21) ], homozygosities, heterozygosities and estimated haplotypes (present study) in German patients with aggressive and chronic periodontitis in comparison to previously described HLA associations studies in other cohorts. The data illustrates the diversity of the associations and interactions. On the other hand, there are numerous potential T cell epitopes of periodontopathogenic bacteria and viruses which could act as MHC ligands (41) . This is why, for clinical usage, the prognostic value of these markers has not become relevant until now. Nevertheless, some of the HLA antigens show similar associations in several studies. These antigens might modify genetic background but do not entirely determine disease susceptibility. Further more detailed investigations of HLA haplotypes, in particular on the presented HLA-DRB1 : DQB1 markers, in relation to potential bacterial or viral peptide binding motifs are necessary to verify the potential role of these HLA markers in periodontitis.
